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Abstract
Grinding tool topography is one of the several key aspects of the modelling of a grinding process. Simplifying it could mean less processing
time needed, but it can lead to inaccurate simulation results. Considering that, this research aims to develop a reliable method for NC-grinding
processes with abrasive mounted points, describing the grinding tool surface using a single proﬁle of kinematic cutting edges instead of its whole
topography. In order to achieve this, numerical and empirical experiments were conducted proving the feasibility of the model to implement it for
future simulations.
c© 2016 The Authors. Published by Elsevier B.V.
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1. Introduction
Over the past decades, with the advance of electronics and
computer technology, numerical and geometrical simulations
became more important for the manufacturing industry, raising
the attention of research groups on the development of such
simulations. The grinding process is a complex process in
which involves the interaction of multiple cutting edges, with-
out a speciﬁc geometrical form, with a speciﬁc workpiece [1].
Therefore several diﬃculties can arise during the modelling of
the process, for example, issues concerning the random size,
shape and distribution of the cutting edges along the grinding
tool, its removal mechanisms along the material removal pro-
cess of a workpiece [2] and its surface structure [3,4].
Despite the listed diﬃculties for modelling the grinding pro-
cess, many simulations were developed during the past years,
for example a force prediction model [5], grinding tool wear
along the process [6], and models for surface prediction [7–9].
All these models rely on input information regarding the grind-
ing tool topography and its characterization data. Consequently,
these simulations demanded a reliable method to describe and
characterize a grinding tool.
When modelling the process, with the high amount of grind-
ing tool topography data required, adding the complexity of
simulating the material removal [2], it demands a high amount
of process time in each simulation. Althouh, for grinding with
abrasive mounted points, due to its smaller dimensions and
higher rotation than a common grinding wheel used for plain
grinding, it is possible to simplify and diminish the amount of
data required. To do it, a method of simpliﬁcation of the grind-
ing tool topgraphy is proposed. Consequently, improving the
simulation time without losing its accuracy.
The goal of the paper part I is to test a method of acquiring
one kinematic cutting edge proﬁle, reducing the amount of data
and manteining the signiﬁcant representation of the surface of
abrasive mounted points. Furthermore, this paper also aims to
use this kinematic cutting edge proﬁle as an input data for the
paper part II, which describes a series of geometrical simula-
tions.
2. Experimental Setup
2.1. Methodology
To modelling the grinding tool, measurements of the grind-
ing tool topography are required. In order to acquire the topog-
raphy of the grinding tool tool, scratch tests were conducted.
These tests consists in depicting the entire surface of the grind-
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ing tool in a control graphite workpiece, then analyzing the
scratch marks made by the successive interaction of the active
cutting edges on the workpiece [10,11]. This method aims to be
similar as the one suggested by Karatzoglou [12], which metal-
lic plates were ground, then measured with a stylus to acquire
surface characteristics of a grinding wheel. In table 1 are shown
the process parameters used for the scracth tests, these were se-
lected in order to provide diﬀerent scratch marks, consequently,
depcting diﬀerent grinding tool topographies.
With higher the feed per rotation s, more active cutting edges
take part during the removal process (ﬁg. 1). Considering this,
the values of feed per rotation s were selected in order to pro-
vide topographies with more amount of active cutting edges (for
high values of feed per rotation s, like the grooves #1 and #2)
and less amount of active cutting edges (for low values of feed
per rotation s, like the groove #3).
Fig. 1. Scheme of active cutting edges on the grinding tool surface for three
diﬀerent values of s. Adapted from [1].
A direct method of characterizing the grinding tool could be
applied. This method consists on a stylus moving along the
grinding tool surface. But the contact between diamond grains
and the stylus may provoke wear of the stylus along each mea-
surement [10,13], making this method not reliable enough.
For measure the topography of the grinding tool in each
groove, 201 proﬁles were acquired. Each measurement was
conducted in the central region of the groove and according to
DIN EN ISO 4288:1998 and DIN EN ISO 3274:1998, with a to-
tal length of 4.8 mm perpendicular to the feed rate and spaced
30 μm from each other (R{9561, 201} - 4.8 x 6 mm2).
Graphite workpieces with a particle size lower than 1 μm
were selected due to its low hardness therefore diminishing
the grinding tool wear and providing reliability of the resulted
graphite control part. In ﬁg. 2, it is presented a scheme of the
applied methodology to validate this paper.
Fig. 2. Scheme of the methodology.
Table 1. Process parameters for the scratch tests.
Groove #1 #2 #3
Kinematic CSG * CSG CSG
Periferal velocity vs [m/s] 0.4 0.4 10.5
Depth of cut ae [mm] 0.150 0.150 0.150
Feed rate v f [mm/min] 5000 1000 100
Rotations per minute n [RPM] 1000 1000 25000
Feed per rotation s [mm] 5 1 0.004
Speciﬁc material removal
12.5 2.5 0.25
rate Q’w [mm3/mms]
Oscillation of the worktool no no no
* CSG - Conventional Surface Grinding [3,4].
2.2. Experimental Process
Scratch tests were carried out by using a 5-axis-grinding ma-
chine tool RXP600DSH UHP from Ro¨eders GmbH, Soltau,
Germany. An electroplated diamond abrasive mounted point
was used in order to grind the graphite workpieces. In table 2
are listed the conditioning parameters applied for the investiga-
tions, workpiece and grinding tool characteristics.
Table 2. Conditioning parameters used for the investigation, workpiece and
grinding tool characteristics.
Grinding tool
Shape (Diameter, Length) Cylindrical (8 mm, 8 mm)
Grain type, concentration D 126, C100
Bond type Electroplated
Conditioning parameters
Tool Winter No2, EKW 180 I9 V900
Conditioning tool feed rate v f S b 200 mm/min
Conditioning tool feed aSb 2 mm
Conditioning tool height hSb 6 mm
Workpiece
Material Graphite
Average Particle Size <1 μm
Flexural Strength 14.500 psi
Compressive Strength 22.100 psi
Hardness 83 shore
Dimensions 50 mm x 100 mm x 20 mm
3. Grinding tool topography generation
To calculate a proﬁle of kinematic cutting edges which rep-
resents the grinding tool, the algorithm follows two simple
steps. The ﬁrst step is positioning the 201 measurements ac-
quired side by side, generating a grinding tool matrix R{i, j}.
The second step, aims to simplify the grinding tool matrix
R{i, j} to a vector, which is the proﬁle of kinematic cutting
edges R{i, 1}.
In the ﬁrst step, for the representation of the grinding tool
as a matrix R{i, j}, each proﬁle acquired from the 201 proﬁle
measurements is positioned side by side, spaced with a lateral
resolution lr between each other along the j axis. The grinding
tool matrix R{i, j} size is according to the widthw and the length
of the grinding tool (2.π.R). Moreover, each element of the
grinding tool matrix R{i, j} contains the height of each of the
cutting edges. This ﬁrst step is represented in ﬁg. 3.
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Fig. 3. First step representation of the grinding tool as a matrix R{i, j}.
In this paper, each proﬁle data of the 201 measurements has
9561 elements. The position, where each element was acquired,
is known. Therefore, the position of the ﬁnal element of each
proﬁle corresponds to the width w of the grinding tool.
For the second step, the algorithm runs through the grinding
tool matrix R{i, j} and saves only the highest point of each line i.
Then, generating a vector which is the kinematic cutting edge
proﬁle R{i, 1}. The scheme of this step is shown in ﬁg. 4.
Fig. 4. Second step representation of the algorithm for identifying the kinematic
cutting edges proﬁle R{i, 1} from the grinding tool matrix R{i, j}.
4. Results
The isometric view of the scratch tests for the grooves #1, #2
and #3 are shown in ﬁg. 5 (a). On grooves #1 and #2, a wave is
formed. This wave is due to the diﬀerence of depths along the
grinding process, and could be caused due to the diﬀerence of
the cutting edges heights, as well as the grinding tool eccentric-
ity and other deviations in the feed direction. In the groove #3,
these diﬀerences of depths along the process are diminished.
In ﬁg. 5 (b), where the red values represents the scratch
marks done by the cutting edges that are closer to the grinding
tool axis (smaller grains) and blue represents the scratch marks
with more material removal (larger grains). With low values of
feed per rotation s, the importance of the smaller cutting edges
on the ground surface is reduced. These results follow the same
approach as the scheme shown in ﬁg. 1.
The comparison of the proﬁles which represents the kine-
matic cutting edges calculated by the model (R{i, 1}) for the
grooves #1, #2 and #3, are showin in ﬁg. 5 (c) . Even though the
original surfaces are completely diﬀerent, the simpliﬁed kine-
matic cutting edge proﬁles calculated R{i, 1} of the resultant
grinding tool matrices R{i, j} have similar roughness, waviness
and primary parameter results, as shown in table 3.
Grinding with a low cutting velocity and higher speciﬁc re-
moval rate Q′w, is only possible whenmachining materials with
low toughness. This situation presents itself in the grooves #1
Table 3. Analysis of the grinding tool kinematic cutting edges proﬁles R{i, 1}
calculated by the model for each of the grooves.
Groove #1 #2 #3 (Filter, cut-oﬀ)
ISO 4287
Pz
[
μm
]
14.9 13.6 12.9
Pt
[
μm
]
14.9 13.6 12.9
Pa
[
μm
]
1.57 1.47 1.59
ISO 4287
Rz
[
μm
]
9.32 9.02 9.58 (Gauss-Filter, 0.8 mm)
Rt
[
μm
]
12.0 11.5 11.1 (Gauss-Filter, 0.8 mm)
Ra
[
μm
]
1.41 1.33 1.46 (Gauss-Filter, 0.8 mm)
ISO 4287
Wz
[
μm
]
1.09 1.13 1.23 (Gauss-Filter, 0.8 mm)
Wt
[
μm
]
1.72 1.72 2.10 (Gauss-Filter, 0.8 mm)
Wa
[
μm
]
0.374 0.411 0.444 (Gauss-Filter, 0.8 mm)
ISO 13565-2
Rk
[
μm
]
4.21 4.05 4.52 (Double Gaussﬁlter, 0.8 mm)
Rpk
[
μm
]
1.63 1.59 1.42 (Double Gaussﬁlter, 0.8 mm)
Rvk
[
μm
]
2.23 2.36 2.39 (Double Gaussﬁlter, 0.8 mm)
and #2, are shown in ﬁg. 1. In materials with diﬀerent charac-
teristics, an increase of the force per cutting edge is expected,
making it diﬃcult to grind.
5. Summary and conclusions
In this paper, a simpliﬁed model which represents the grind-
ing tool topography is proposed, taking into consideration all
the diﬃculties regarding the cutting edge geometry and its dis-
tribution along the grinding tool. This algorithm that simpli-
ﬁes the grinding tool topography data into one calculated kine-
matic proﬁle R{i, 1} shows that, for each one of the grooves, the
calculated kinematic cutting edge proﬁle R{i, 1} is similar to
the kinematic cutting edges proﬁle R{i, 1} of the other grooves.
Therefore, the calculated kinematic cutting edge proﬁle R{i, 1}
do not depend of the feed per rotation s value used. The simi-
larities are shown, not only in qualitative way as seen in ﬁg. 5,
but also with values of roughness, waviness and primary proﬁl
parameters shown in table 3.
This algorithm, which describes the grinding tool as a kine-
matic cutting edges proﬁle (R{i, 1}), is presented as a promis-
ing technique for abrasive mounted points, which their sizes
are be smaller than the grinding wheels used for plain grinding
(around 100-300 mm) and the values of feed per rotation s are
low. Despite the fact that the cases #1 and #2 can be used for
a complete characterization of the grinding tool surface, it in-
cludes a high number of non active cutting edges and can be
desregarded. Hence, reducing the amount of input data of a
numerical simulation.
The simpliﬁcation of the grinding tool topography proved to
be feasible for grinding with abrasive mounted points in which
rotations n are high (20,000 to 60,000 RPM) and feed rates v f
are low (up to a 1,000 mm/min). With higher feed rate v f , the
rotations n must be high enough to keep low values of feed per
rotation s.
As for further researches, this method could be applied for
processes with higher values of feed per rotation s than those
used in these experiments. Although certain conditions must
be known in order to adapt the model. For example, the grind-
ing tool representation as a matrix R{i, j} could be divided into
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Fig. 5. (a) Isometric view, (b) top view of the grinding tool matrices R{i, j} and (c) the comparison between kinematic cutting edges proﬁle (R{i, 1}) of the grooves
#1, #2 and #3.
two or more matrices, and calculating the proﬁle of kinematic
cutting edges for each of the matrices. For a surface prediction
model, as shown in the paper part II, the path for each of the
kinematic cutting edges proﬁle must be calculated individually.
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